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(57) ABSTRACT

The present disclosure 1s directed to an apparatus for use
with a vibratory tool 1n a bottom hole assembly to enhance
the vibration of the bottom hole assembly. The apparatus
includes at least one spring mechanism and a fluid passage-
way disposed within a housing. The apparatus can be tuned
and/or parts of the bottom hole assembly can be manipulated
to match the frequency of the vibratory tool and/or the
frequency of the vibratory tool can be tuned to match the
vibrational frequency of the bottom hole assembly and the
apparatus.

18 Claims, 5 Drawing Sheets




US 10,577,881 B2

Page 2
(56) References Cited 4,553,443 A * 11/1985 Rossfelder .............. B06B 1/161
173/147
U.S. PATENT DOCUMENTS 4,603,748 A * 8/1986 Rossfelder .............. B0O6B 1/161
173/49
2,893,692 A *  7/1959 Marx ....oeeiiiiiiiiinnn, E21B 4/12 4,658,897 A * 4/1987 Kompanek ........... E21B 43/003
175/103 166/249
2.903,242 A * 9/1959 Bodine, Jr. .oooovvivn.., F21B 7/24 5,027,908 A *  7/1991 ROUSSY .coovervvvrrennn.. E02D 7/26
173/49 172/40
2,948,059 A * 81960 Bodine, Jr. ........... B23P 19/033 5,090,485 A *  2/1992 PomonikK ........coevon..... E21B 7/24
175/56 173/1
2958228 A * 11/1960 Carrier, Jr. .............. BO6B 1/161 5,234,056 A * 8/1993 Bodine ................. E21B 31/005
198/766 166/177.1
2,970,660 A * 2/1961 Bodine, Jr. ....ocvvr.... E21B 7/24 0,332,841 Bl  12/2001 Secord
173/49 7,264,055 B2 9/2007 Mody et al.
2.980.130 A * 6/1961 Mathewson, Jr. ........ E21B 7/24 7,357,197 B2*  4/2008 Schultz ... E2131%g§
175/56
5 . 7.501,327 B2 9/2009 Hall et al.
3,139,146 A % 6/1964 Bodine, Jr. ..o Ezllifl/éj 8,007,268 B2* 12/2014 Saenger ... GOLT 1/2002
250/261
H
3,315,755 A *  4/1967 Brooks ............... E21]137g%g 0.057.258 B2*  6/2015 BENSON eo.ooveeoooosi E21B 7/06
| 0,109.410 B2* 82015 Swietlik ....cooovo..... E21B 17/073
3,360,056 A * 12/1967 Bodine, Jr. ............. E21B 7/208 9316,100 B2* 4/2016 Benson ................. E21B 47/00
| 166/72 0,470,055 B2* 10/2016 Harrigan .............. E21B 31/005
3,431,988 A * 3/1969 Bodine, Jr. ............... BO6B 1/10 2002/0092651 Al* 7/2002 Bernat ......cc....... E21B 31/005
175/19 166/301
3,597,929 A * 8/1971 Bodine .............. E21B 7/24 2002/0121378 Al* 9/2002 Zheng ........c.ccc...... E21B 4/18
173/52 166/381
3,610347 A * 10/1971 Diamantides ............. E21B 7/24 2002/0148606 Al* 10/2002 Zheng ................. E21B 31/005
175/56 166/249
3,684,037 A *  8/1972 Bodine .....ocovvrerinn.. E21B 7/24 2003/0217850 Al  11/2003 Shaw et al.
173/162.1 2010/0194117 Al* 82010 Pabon ....occcoven..... HO2K 35/02
3.686,877 A *  8/1972 Bodin ..oovovieeerenn, E02D 7/18 290/1 R
173/49 2011/0198126 Al* 82011 Swietlik .ooovvvvvvenrin. E21B 17/07
3.815.691 A * 6/1974 Richter. Ir. ... E21B 7/24 2012/0012751 Al* 1/2012 Saenger ................ GO1T 1/2002
4 b b g
175/320 250/362
3,848,672 A * 11/1974 Bodine ........covveni.... E21B 7/20 2012/0048619 Al 3/2012 Seutter et al.
166/249 2012/0247832 Al* 10/2012 Cramer .............. E21B 47/011
4023628 A * 5/1977 Bodine ....cocvvviirn.. E21B 7/24 - 175/40
1757106 2014/0083772 Al* 3/2014 Wiercigroch ............ E21B 7/24
4,236,580 A * 12/1980 Bodine ................ E21B 31/005 175/40
e ecnm)  2015/0075276 AL*  3/2015 COOPEr ... E21B 47/0007
i - ‘ 73/152.58
4271915 A% /1981 Bodine oooooovioinnnn. Ezf?ﬂég 2015/0159452 AL*  6/2015 Miller oo, E21B 28/00
. 166/384
H
4,299,279 A = 11981 Bodine ...ooovvvove.. EZII%;%O,?OT 2016/0273294 Al*  9/2016 MOYES ..ovvveveee.... E21B 31/107
* 2017/0030158 Al* 2/2017 Harrigan .............. E21B 31/005
4,407,365 A * 10/1983 Cooke, Jr. cccooo........ E21B 33/14 e
166/249 * cited by examiner



U.S. Patent Mar. 3, 2020 Sheet 1 of 5 US 10,577,881 B2

e S S S— — el Wi el s, . . ", " "
—E—) ] S S S AN I 2 T T PO T O i L L oo 7

1 | e e—— e
E S S SN L T T R T T 0 QU IR T T i 7

iy

7 0 FIG.2

12




U.S. Patent Mar. 3, 2020 Sheet 2 of 5 US 10,577,881 B2

38
" 40 yd
v /o
sdVAVAVAYS Elos
FIG. 4 *
38
0 /Y
oy ko "
f\/
¢ 144/
¢ R - x




US 10,577,881 B2

Sheet 3 of 5

Mar. 3, 2020

U.S. Patent

9¢

r—"

9 913

e

e T e D L T O I Sepnauaiud LT .

L

A A AN k=i Wl fd Ll d fd L L L LA LLL L lﬁﬁﬁﬁhﬁiﬂi\ﬁihﬁhhﬁﬁ;

xe\il.
\
17/

6C

)
e W .._

—pmetr—rr A I 5

‘ R v 5
[ g™ g




US 10,577,881 B2

al1 0]l
0cl 08 [
2 L > N <
ﬁ\g,\& .‘ NSOSOSGRNE KR
I T | S N

n\\\\\\\\&\x SR N\\\%“\\\ ?w”‘r A. 7.\ - /f/wM __
\f, ]
> E\ 11 m% 8/ ARl 98 |
S pllZ °° b8 m
p w
P
= _
2 o R
=~
= _ 0l
Q 201 06 (01 / 84
o’ _ / [
. Y N Y N NS N N S L~ NN Vo g gy oy \\R\\HU
LR s T N NN S R IDE Yy s 7 o

~ .isimau.\ﬂw,//f/_.,.,f/ff/ff/ﬁﬁffﬁffw#ufmmmﬁf f...,ff.,,.,,.,f..rj....,ﬂwm»fmw_MMfowawgf Mﬁi\\\gﬁ\\\\\r \V\\.x\ AL
J / 6 iy )\ 4
v6 0¢ 96 001 | 9L o

s
00

U.S. Patent



US 10,577,881 B2

9¢1
0z i 8Ll . Qm_
o7 s v , -, . \.M, , 2 /,U,fo//f/f
S R —— e i E———
QQ\\\Q \\ 2 ;“‘E\h‘%‘;‘ ¥ \w\/\//\ NI IAN ,,_;__.,f d |
= 2 / \ \ [ \E\m\ NJ: @m\ _
/ _ _
b Epmm V8 871" oe) Jel ¢l vEl _
e _
e — L e ]
|
&
S | Y01 901
“ f \ @ 86
< _ N—_— gy P
= : AMTTARANALARS RN >
> L R

T

U.S. Patent



US 10,577,881 B2

1

DOWNHOLE VIBRATION ENHANCING
APPARATUS AND METHOD OF USING AND
TUNING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national stage application of
a PCT application having International Application No.

PCT/US2015/024739, filed Apr. 20, 2015, which claims
priority to U.S. Provisional Application having U.S. Ser. No.

61/976,241, filed Apr. 7, 2014, which claims the benefit
under 35 U.S.C. 119(e). The disclosure of which 1s hereby
expressly incorporated herein by reference.

The present disclosure 1s directed toward a vibration
enhancing apparatus that includes a first end and a second
end. The apparatus also includes a passageway disposed at
least partially within a housing to permit fluid to flow
through the apparatus. Furthermore, the apparatus includes
at least one spring designed having a spring constant that 1s
responsive to a vibratory tool and other tools used 1n a
bottom hole assembly with the apparatus.

The present disclosure 1s also directed toward a vibration
enhancing apparatus that includes a housing and at least one
spring disposed within the housing and around a mandrel
slidably disposed in the housing. The apparatus also includes
a {irst piston element disposed on one end of the mandrel and
slidably disposed in the housing. Additionally, the apparatus
includes an internal port radially disposed 1n the mandrel 1n
fluid communication with a first annulus area disposed
between the mandrel and the housing and 1n fluid commu-
nication with the first piston element. The apparatus further
includes an external port radially disposed 1n the housing 1n
fluid communication with a second annulus area disposed
between a portion of the first piston element.

This disclosure 1s also directed towards a method of
determining a vibrational frequency at which a vibratory
tool useable 1n a downhole assembly operates, the downhole
assembly separated 1nto an upper bottom hole assembly and
a lower bottom hole assembly having a mass and designing
a vibration enhancing apparatus that cooperates with the
lower bottom hole assembly to have a resonant frequency
that 1s substantially equal to the vibrational frequency of the
vibratory tool.

This disclosure 1s further directed toward a method of
determining a resonant frequency of a vibration enhancing
apparatus cooperating with a lower bottom hole assembly of
a bottom hole assembly and designing a vibratory tool to be
used in the bottom hole assembly having a wvibrational
frequency that 1s responsive to the resonant frequency of the
vibration enhancing apparatus and the lower bottom hole
assembly.

The disclosure 1s also directed toward a method of
deploying a bottom hole assembly, the bottom hole assembly
comprising a vibration enhancing apparatus and a vibratory
tool; operating the vibratory tool at a vibrational frequency;
and operating the vibration enhancing apparatus and a lower
portion of the bottom hole assembly at a resonant frequency
that 1s responsive to the predetermined ifrequency of the
vibratory tool to maximize vibration amplitude of the bot-
tom hole assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a bottom hole assembly
constructed 1n accordance with the present disclosure.
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2

FIG. 2 1s a partial side elevational view and a partial
cross-sectional view of a downhole tool constructed i1n

accordance with the present disclosure.

FIG. 3 1s a perspective view of the downhole tool con-
structed 1n accordance with the present disclosure.

FIG. 4 1s a diagrammatic view of a spring-mass system.

FIG. 5 1s a diagrammatic view of another embodiment of
the spring-mass system.

FIG. 6 1s a cross-sectional view of one embodiment of the
downhole tool constructed 1n accordance with the present
disclosure.

FIG. 7 1s a perspective, cross-sectional view of the
embodiment of the downhole tool shown 1n FIG. 6 con-
structed 1n accordance with the present disclosure.

FIG. 8 1s a cross-sectional view of another embodiment of
the downhole tool constructed 1n accordance with the pres-
ent disclosure.

FIG. 9 1s a cross-sectional view of yet another embodi-
ment of the downhole tool constructed in accordance with
the present disclosure.

DETAILED DESCRIPTION OF TH.
DISCLOSURE

(1]

The present disclosure relates to a vibration enhancing
apparatus 10 that can be configured to be used with any type
of vibratory tool 12 (or agitation tool) known 1n the art, such
as the XRV produced by Thru Tubing Solutions, the NOV
Agitator, or the Tempress produced by Oil States, to amplily
the vibration or agitation provided by the vibratory tool 12.
The present disclosure 1s also directed toward a method of
using the apparatus 10 and a method of tuning the apparatus
10 to maximize the amplification of the vibratory tool 12. As
shown 1n FIG. 1, the apparatus 10 described herein can be
incorporated 1nto a bottom hole assembly (BHA) 14 with a
vibratory tool 12 and other types of downhole tools known
in the art, such as, motors 16 and drill bits 18. The ampli-
fication of the vibration of the vibratory tool 12 provides
additional vibration to the BHA 14 to assist in advancing the
BHA 14 into the wellbore. The vibration enhancing appa-
ratus 10 can be disposed above or below the vibratory tool
12 in the BHA 14.

The apparatus 10, shown 1n more detail 1n FIGS. 2 and 3,
includes a housing 20, a first end 22, a second end 24, a tluid
passageway 26, and at least one spring 28 disposed within
the housing 20. The at least one spring 28 can be a
mechanical spring, oil-spring, gas-spring, and the like. In
one embodiment, the at least one spring 28 can be disposed
between the fluid passageway 26 and the housing 20. In
another embodiment, the fluid passageway 26 can be dis-
posed between a spring housing (not shown) and the housing
20, which could cause the fluid passageway 26 to be
disposed around the at least one spring 28 or outside of the
at least one spring 28. In this embodiment, the fluid pas-
sageway 26 could be an annulus area disposed between the
at least one spring 28 and the housing 20.

In one embodiment, the apparatus 10 can be disposed
downhole from the vibratory tool 12 1n the BHA 14. In this
embodiment, the first end 22 of the apparatus 10 1s 1n fluid
communication with the vibratory tool 12 and the fluid
passageway 26. The second end 24 would be adapted to be
connectable to other downhole tools to be disposed down-
hole of the apparatus 10. In another embodiment, the appa-
ratus 10 can be disposed uphole from the vibratory tool 12
in the BHA 14. In this embodiment, the first end 22 of the
apparatus 10 would be adapted to be connectable to other
downhole tools to be disposed uphole of the apparatus 10.




US 10,577,881 B2

3

The second end 24 of the apparatus 10 1s 1n fluid commu-
nication with the tluid passageway 26 and the vibratory tool
12 disposed below.

The end 22 or 24 1n fluild communication with the
vibratory tool 12 can extend from inside of the housing 20.
This end 22 or 24 can also be provided with a splined section
30 disposed thereon to prevent the fluid passageway 26 and
the at least one spring 28 from rotating independently of the
housing 20, vibratory tool 12 or the BHA 14. The apparatus
10 further includes a spline receiving area 32 to cooperate
with the splined section 30 to allow the housing 20, the end
22 or 24 opposite of the vibratory tool 12 and the tools
disposed below the apparatus 10 to have axial motion
represented by reference numeral 27 with respect to the
vibratory tool 12, vet still prevent the fluid passageway 26
and the at least one spring 28 from rotating independently of
the housing 20, vibratory tool 12 or the BHA 14.

As previously stated, this disclosure 1s also directed to a
method of using the apparatus 10. The apparatus 10 and
vibratory tool 12 are run into a wellbore. Fluid can then be
pumped nto and through the vibratory tool and the appa-
ratus 10 to advance the BHA 14 further into the wellbore.

In another aspect of the present disclosure, a method of
tuning or optimizing the eflectiveness of the apparatus 10 1s
disclosed herein. Any tools 1n the BHA 14 disposed uphole
(upper BHA 34 and tubing 35) from the apparatus 10
provides the driving force for the BHA 14 into the wellbore
and all tools 1n the BHA 14 disposed below the apparatus 10
1s considered the lower BHA 36. The at least one spring 28
in the apparatus 10 allows free axial movement between the
upper BHA 34 and the lower BHA 36 while the splined
section 30 and the spline receiving area 32 cooperate to
restrict rotational motion between the upper BHA 34 and the
lower BHA 36.

FIG. 4 shows a diagram depicting a typical spring-mass
system 38. The spring-mass system 38 includes a spring 40,
a mass 42 and a point 44 from which the spring 40 and mass
42 oscillate. The apparatus 10 represents the spring 40 1n a
typical spring-mass system 38. The lower BHA 36 repre-
sents the mass in the typical spring-mass system 38. The
upper BHA 34 represents the point 44 from which the mass
42 (lower BHA 36) and the spring 40 (apparatus 10)

oscillate. The typical spring-mass system 38 has a resonant
frequency at which 1t oscillates, known as its natural fre-
quency.

In one embodiment, the vibratory tool 12 used 1n the BHA
14 will have a umique vibrational frequency. The apparatus
10 can be set up to cooperate with the lower BHA 36 to have
a resonant frequency that 1s equivalent to the unique vibra-
tional frequency of the wvibratory tool 12. The resonant
frequency (1) 1s a function of the spring constant (K) and the
mass (M) (1.e., the mass of the tools disposed below the
apparatus 10 or the mass of the tools present 1n the lower
BHA 36) present within the system, and can be determined
using the following equation:

i\/K/M

/=5

The vibrational frequency of the vibratory tool 12 used in
the BHA 14 can be calculated or measured. Once the
vibrational frequency of the vibratory tool 12 has been
determined, the following equation can be used to determine
the spring constant (K) which will cause the natural fre-
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4

quency of the spring mass system represented by the appa-
ratus 10 and the lower BHA 36 to match the input frequency
of the vibratory tool 12:

K=MQ2nf)

The at least one spring 28 of the apparatus 10 can be
designed such that it has the required spring constant (K) to
maximize the vibration amplitude of the BHA 14 from the
vibratory tool 12 and the apparatus 10. In one embodiment,
the at least one spring 28 and/or the mass of the lower BHA
36 can be adjusted to achieve the maximum vibration
amplitude of the BHA 14.

In another embodiment, the vibratory tool 12 can be
designed to have a specific frequency to match the resonant
frequency of a specific apparatus 10 having a predetermined
spring constant (K) and the mass of a specific lower BHA 36.

In yet another aspect of the present disclosure, a method
for designing the apparatus 10, adjusting the mass of the
lower BHA 36 and/or designing the vibratory tool 12 to
make the unique frequency of the vibratory tool substan-
tially equal to the resonant frequency of the apparatus 10 and
the lower BHA 36 1s disclosed. In one aspect of this
embodiment, the unique vibrational frequency of the vibra-
tory tool 12 1s determined. The vibrational frequency of the
vibratory tool 12 1s used to design the at least one spring 28
of the apparatus 10 to maximize the vibration amplitude of
the BHA 14. The method can also include the step manipu-
lating the mass of the lower BHA 36 and/or the at least one
spring 28 to have a resonant frequency that matches the
frequency of the vibratory tool 12 to maximize the vibration
amplitude of the BHA 14. In another embodiment, the
resonant frequency of the apparatus 10 and the lower BHA
36 1s determined. Once the resonant frequency of the appa-
ratus 10 and the lower BHA 36 1s determined, the vibratory
tool 12 can be designed to have a vibrational frequency
substantially equal to the resonant frequency of the appara-
tus 10 and the lower BHA 36.

The apparatus 10 can be designed with a “pump-open™ or
“pump-closed” area. When the apparatus 10 1s of the “pump-
open” type, a method 1s provided wherein the apparatus 10
1s caused to extend the apparatus 10 when the pressure of the
fluid flowing through the apparatus 10 1s greater than the
pressure of the fluid outside of the apparatus 10, and contract
the apparatus 10 when the pressure of the fluid 1s greater
outside of the apparatus 10 than the pressure of the fluid 1s
inside the apparatus 10. Conversely, when the apparatus 10
1s of the “pump-closed” type, a method 1s provided wherein
the apparatus 10 1s caused to contract the apparatus 10 when
the pressure of the fluid flowing through the apparatus 10 1s
greater than the pressure of the fluid outside of the apparatus
10, and extend the apparatus 10 when the pressure of the
fluid 1s greater outside of the apparatus 10 than the pressure
of the fluid 1s 1nside the apparatus 10.

When the vibratory tool 12 operates, there 1s fluid pulsa-
tion through the apparatus 10 which occurs at the same
frequency as the vibratory force generated by the vibratory
tool 12. This fluid pulsation causes pressure fluctuations
above and below the vibratory tool 12. If the apparatus 10
1s designed with a pump-open or pump-closed area and 1s
positioned such that it 1s exposed to the flud pressure
fluctuations produced by the vibratory tool 12, a hydraulic
force will be generated within the apparatus 10 which will
cause the apparatus 10 to experience a cyclic contraction/
extension force. If the spring 28/mass of the BHA 14 is
“tuned” to this cyclic loading frequency, maximum vibration
of the BHA 14 and tubing will result. So, another novel
concept 1s to “tune” the natural frequency of the BHA 14 to
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match the cyclic hydraulic loading produced by the vibra-
tory tool 12 acting on a spring tool with a “pump-open/
closed” area.

In real systems, there 1s often sigmificant damping in
addition to the spring and mass. FIG. 5 depicts this real
system where damping can be incorporated into the spring-
mass system. There 1s a “damped” natural frequency which
1s different than the undamped natural frequency. Similar
calculations can be used to calculate the damped natural
frequency as the undamped frequency described previously.
All methods, etc., described for the undamped system can be
equally applied to the damped system. The following equa-
tions are used to evaluate the damped natural frequency:

a=R/(2 m) is a decay constant and =V, —a” is
the characteristic (or natural) angular frequency
of the system

FIGS. 6 and 7 depict a specific embodiment of the present
disclosure wherein the vibration enhancing apparatus 10 1s
used with a vibratory tool 12 having an inlet 46, an outlet 48
and a vortex chamber 350. In addition, the vibratory tool 12
in this embodiment can include a first fluid port 52 and a
second fluid port 54, which are both 1n fluid communication
with the inlet 46 and the vortex chamber 50. Furthermore,
the vibratory tool 12 in this embodiment can include a first
fluid return port 56 and a second fluid return port 38. The
first and second fluid return ports 56 and 58 allow for a
portion of the fluid entering the vortex chamber 50 to be
returned to a fluid loop port 60. The tluid loop port 60 directs
fluid from the first and second fluid return ports 56 and 58
to an 1nterchange area 62 where the fluid flowing in from the
inlet 46 1s directed back and forth from the first fluid port 52
to the second fluid port 54.

In another embodiment of the present disclosure, FIG. 8
shows the apparatus 10 in a “pump-closed” embodiment.
The apparatus 10 includes a top sub 70 for connection to
other downhole tools disposed above the apparatus 10 1n the
BHA 14 and a bottom sub 72 for connection to other
downhole tools disposed below the apparatus 10 1n the BHA
14. The apparatus 10 further includes a mandrel 74 sup-
ported by or connected to the top sub 70 on an upper end 76
of the mandrel 74. The other end of the mandrel 74, or lower
end 78, 1s supported by or connected to a piston element 80.

The apparatus 10 of the embodiment shown in FIG. 8
turther 1includes an upper housing 82, a lower housing 84
and a connector element 86 disposed between the upper
housing 82 and the lower housing 84. The connector element
86 can be threaded on each end to attach to the upper
housing 82 and the lower housing 84. A lower end 88 of the
lower housing 84 i1s connected to the bottom sub 72. A
portion of top sub 70, the mandrel 74, and the piston element
80 are slidably disposed within and move independently of
the upper housing 82, the lower housing 84, the connector
clement 86 and the bottom sub 72.

The apparatus 10 includes at least one spring 90 disposed
around the mandrel 74 and between the mandrel 74 and the
upper housing 82. In one embodiment, the spring 90 1s
disposed between an upper shoulder 92 disposed on the
inside of the upper housing 82 and a lower shoulder 94
disposed on the 1nside of the upper housing 82. In another
embodiment, the apparatus 10 includes two springs 90
where the springs are separated by a lip element 96 disposed
on the inside of the upper housing 82. It should be under-
stood and appreciated that the lip element 96 1s disposed on
the 1nside of the upper housing 82 between the upper
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6

shoulder 92 and the lower shoulder 94. Furthermore, the
apparatus 10 can be designed to incorporate any desired
number of springs 90.

The top sub 70 has a passageway 98 disposed therein to
permit fluid to flow through the top sub 70 and into the
mandrel 74. The top sub 70 includes a splined section 100
on a lower end 102 of the top sub 70 where splines 104
extend radially therefrom. The splines 104 engage a spline
receiving area 106 disposed on the inside of the upper
housing 82. The splines 104 engagement with the spline
receiving area 106 prevent the top sub 70, and thus the
mandrel 74 and the piston element 80, from rotating inde-
pendently of the upper housing 82, the lower housing 84, the
connector element 86 and the bottom sub 72.

The mandrel 74 includes a passageway 108 axially dis-
posed therein to permit fluid to flow from the top sub 70 and
through the mandrel 74. The mandrel 74 also includes an
internal port 110 radially disposed 1n the lower end 78 of the
mandrel 74 to permit fluid to flow mto an annulus area 112
and engage with a portion of the piston element 80. The
annulus area 112 1s disposed between the connector element
86 and the piston element 80 that 1s attached to the lower end
78 of the mandrel 74. As fluid, which 1s at a higher pressure
than fluid outside of the apparatus 10, tlows into the annulus
area 112, the bottom sub 72, the lower housing 84 and the
upper housing 82 are forced to move 1n the uphole direction
with respect to the top sub 70, the mandrel 74 and the piston
clement 80. This uphole movement of the bottom sub 72, the
lower housing 84 and the upper housing 82 causes the
apparatus 10 to contract and compress the spring(s) 90.

Further, the lower housing 84 includes an external port
114 1n fluid communication with a second annulus area 116
disposed between the piston element 80 and the lower
housing 84. The second annulus area 116 1s disposed on the
downhole side of a piston head 118 of the piston element 80.
When the pressure of the fluid outside of the apparatus 10
becomes higher than the pressure of the fluid flowing
through the apparatus 10, the bottom sub 72, the lower
housing 84 and the upper housing 82 are forced to move in
the downhole direction with respect to the top sub 70, the
mandrel 74 and the piston element 80. This downhole
movement of the bottom sub 72, the lower housing 84 and
the upper housing 82 causes the apparatus 10 to extract and
thus, reduce the compression of the spring(s) 90. In this
embodiment, the piston element 80 can further include a
tubular extension 120 that extends into the lower sub 72 and
1s slidably disposed therein.

In a further embodiment of the present disclosure shown
in FIG. 9, the apparatus 10 can include a second piston
clement 122 disposed between the piston element 80 and the
mandrel 74. The second piston element 122 includes a piston
head 124 and a tubular extension 126 extending therefrom.
The piston head 124 of the second piston element 122 1s
connected to the lower end 78 of the mandrel 74 and the
tubular extension 126 of the second piston element 122 1s
connected to the piston head 118 If the piston element 80.
The lower end of the tubular extension 126 of the piston
clement 122 further includes an internal port 128 radially
disposed therein 1n fluid communication with a third annulus
area 130 and the piston head 118 of the piston element 80.
The piston elements 80 and 122 both have passageways
disposed therein to permit fluid to flow from the mandrel 74
into and out of the lower sub 72.

Similar to the operation of the apparatus 10 previously
described herein, the second piston element 122 increases
the contraction of the apparatus 10 and the compression of
the spring 90. The third annulus area 130 1s disposed
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between a shoulder section 132 disposed on the mside of the
lower housing 84 and the piston element 80 that 1s attached
to the lower end of the second piston element 122. As fluid,
which 1s at a higher pressure than flmd outside of the
apparatus 10, tlows into the third annulus area 130, the
bottom sub 72, the lower housing 84 and the upper housing
82 are forced to move 1n the uphole direction with respect to
the top sub 70, the mandrel 74, the piston element 80, and
the second piston element 122. This uphole movement of the
bottom sub 72, the lower housing 84 and the upper housing
82 causes the apparatus 10 to contract and compress the
spring(s) 90.

Further, the lower housing 84 includes a second external
port 134 1n fluid communication with a fourth annulus area
136 disposed between the piston element 80 and the lower
housing 84. The fourth annulus area 136 1s disposed on the
downhole side of the piston head 124 of the piston element
122 and uphole of the shoulder section 132 of the lower
housing 84. When the pressure of the fluid outside of the
apparatus 10 becomes higher than the pressure of the fluid
flowing through the apparatus 10, the bottom sub 72, the
lower housing 84 and the upper housing 82 are forced to
move 1n the downhole direction with respect to the top sub
70, the mandrel 74, the piston element 80, and the second
piston element 122. This downhole movement of the bottom
sub 72, the lower housing 84 and the upper housing 82
causes the apparatus 10 to extract and thus, reduce the
compression of the spring(s) 90. While only two piston
elements 80 and 122 are shown in FIG. 9, 1t should be
understood and appreciated that any number of piston ele-
ments can be included in the apparatus 10, as well as the
corresponding internal and external ports, as desirable by an
operator of the apparatus 10.

From the above description, 1t 1s clear that the present
disclosure 1s well adapted to carry out the objectives and to
attain the advantages mentioned herein as well as those
inherent 1n the disclosure. While presently disclosed
embodiments have been described for purposes of this
disclosure, 1t will be understood that numerous changes may
be made which will readily suggest themselves to those
skilled 1n the art and which are accomplished within the
spirit of the disclosure.

What 1s claimed 1s:

1. A method, the method comprising:

determining a vibrational frequency at which a vibratory
tool 1n a downhole assembly operates, the downhole
assembly separated into an upper bottom hole assembly
and a lower bottom hole assembly; and

constructing a vibration enhancing apparatus having a
resonant frequency that 1s substantially equal to the
vibrational frequency of the vibratory tool to increase
the wvibration induced on the downhole assembly
wherein the vibration induced on the downhole assem-
bly by the vibration enhancing apparatus 1s greater than
the vibration induced on the downhole assembly by the
vibratory tool alone, the lower bottom hole assembly
having a mass and includes any tools disposed below
the wvibration enhancing apparatus, the vibration
enhancing apparatus includes a spline receiving area
and a passageway including a splined section disposed
on an outside portion thereolf, the spline receiving area
and the splined section maintain engagement during all
operation of the wvibration enhancing apparatus and
cooperate to prevent the apparatus to rotate relative to
the vibratory tool yet still permit axial motion of the
apparatus relative to the vibratory tool.
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2. The method of claim 1 wherein the vibration enhancing,
apparatus 1includes at least one spring having a spring
constant, the at least one spring compressable responsive to
the mass of the lower bottom hole assembly.

3. The method of claim 2 further comprising the step of
determining the spring constant for the at least one spring 1n
the vibration enhancing apparatus responsive to the mass of
the lower bottom hole assembly and the vibrational 1fre-
quency of the vibratory tool.

4. The method of claim 2 further comprising the step of
designing the at least one spring to have a spring constant
that 1s responsive to the mass of the lower bottom hole
assembly and the vibrational frequency of the vibratory tool.

5. The method of claim 4 wherein the spring constant of
the at least one spring cooperates with the mass of the lower
bottom hole assembly so that the vibration enhancing appa-
ratus and the lower bottom hole assembly cooperate to have
a resonant frequency that 1s substantially equal to the
vibrational frequency of the vibratory tool.

6. The method of claim 2 further comprising the steps of
determining the spring constant for the at least one spring 1n
the vibration enhancing apparatus and adjusting the mass of
the lower bottom hole assembly to cooperate with the at least
one spring to generate a resonant frequency that is substan-
tially equal to the vibrational frequency of the vibratory tool.

7. The method of claim 2 wherein the vibration enhancing,
apparatus further includes a first end, a second end, and a
passageway disposed at least partially within a housing to
permit tluid to flow through the vibration enhancing appa-
ratus.

8. The method of claim 1 wherein the upper bottom hole
assembly includes the vibratory tool and any other downhole
tools disposed above the vibration enhancing apparatus and
the lower bottom hole assembly includes any other down-
hole tool disposed below the vibration enhancing apparatus.

9. A method, the method comprising:

determining a resonant frequency of a vibration enhanc-

ing apparatus disposed 1n a bottom hole assembly, the
bottom hole assembly 1ncluding a lower bottom hole
assembly having a mass and an upper bottom hole
assembly, the mass of the lower bottom hole assembly
and the vibration enhancing apparatus cooperating to
generate the resonant frequency, the lower bottom hole
assembly includes any downhole tools disposed below
the vibration enhancing apparatus; and

constructing a vibratory tool to be used 1n the bottom hole

assembly having a vibrational frequency that 1s sub-
stantially equal to the resonant frequency of the vibra-
tion enhancing apparatus and the lower bottom hole
assembly so that the vibration enhancing apparatus
increases the vibration of the bottom hole assembly
induced on the bottom hole assembly wherein the
vibration mduced on the bottom hole assembly by the
vibration enhancing apparatus 1s greater than the vibra-
tion induced on the bottom hole assembly by the
vibratory tool alone, the vibration enhancing apparatus
includes a spline receiving arca and a passageway
including a splined section disposed on an outside
portion thereof, the spline receiving area and the
splined section maintain engagement during entire
operation of the vibration enhancing apparatus and
cooperate to prevent the apparatus to rotate relative to
the vibratory tool yet still permit axial motion of the
apparatus relative to the vibratory tool.

10. The method of claim 9 wherein the resonant frequency
of the vibration enhancing apparatus and the lower bottom
hole assembly 1s responsive to a spring constant of at least
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one spring disposed in the vibration enhancing apparatus
and the mass of the lower bottom hole assembly.

11. The method of claim 9 wherein the upper bottom hole
assembly includes the vibratory tool and any other downhole
tools disposed above the vibration enhancing apparatus.

12. The method of claim 10 wherein the vibration enhanc-
ing apparatus further includes a first end, a second end, and
a passageway disposed at least partially within a housing to
permit fluid to flow through the vibration enhancing appa-
ratus.

13. A method, the method comprising:

deploying a bottom hole assembly, the bottom hole

assembly comprising a vibration enhancing apparatus
and a vibratory tool;

operating the vibratory tool at a vibrational frequency;

and

operating the vibration enhancing apparatus and a lower

portion of the bottom hole assembly at a resonant
frequency that 1s responsive to the predetermined fre-
quency of the vibratory tool to maximize and increase
vibration amplitude mnduced on the bottom hole assem-
bly wherein the vibration amplitude induced on the
bottom hole assembly by the vibration enhancing appa-
ratus 1s greater than the vibration amplitude induced on
the bottom hole assembly by the vibratory tool alone,
the vibration enhancing apparatus includes a spline
receiving area and a passageway including a splined
section disposed on an outside portion thereof, the
spline receiving area and the splined section maintain
engagement during entire operation of the vibration
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enhancing apparatus and cooperate to prevent the appa-
ratus to rotate relative to the vibratory tool yet still
permit axial motion of the apparatus relative to the
vibratory tool.

14. The method of claim 13 wherein the vibratory tool 1s
operated at a vibrational frequency that i1s responsive to the
resonant frequency of the vibration enhancing apparatus and
the lower portion of the bottom hole assembly.

15. The method of claim 13 wherein the vibration enhanc-

ing apparatus includes at least one spring having a spring
constant.

16. The method of claim 15 wherein the spring constant
of the at least one spring cooperates with a mass associated
with the lower bottom hole assembly so that the vibration
enhancing apparatus and the lower bottom hole assembly
cooperate to have a resonant frequency that 1s substantially
equal to the vibrational frequency of the vibratory tool.

17. The method of claim 15 wherein the vibration enhanc-
ing apparatus further includes a first end, a second end, and
a passageway disposed at least partially within a housing to
permit fluid to tlow through the vibration enhancing appa-
ratus.

18. The method of claim 13 wherein the upper bottom
hole assembly includes the vibratory tool and any other
downhole tools disposed above the vibration enhancing
apparatus and the lower bottom hole assembly includes any
other downhole tool disposed below the vibration enhancing
apparatus.
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